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PROBLEM TO BE SOLVED: To provide an internal 
combustion engine control device for improving 
controllability with high accuracy, carrying out estimating 
arithmetical operations of NOx exhaust quantity in a 
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with the map data in a ROM. 
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Pb, the air/fuel ratio X and an EGR rate 6, and a control 
means for controlling at least either of a NOx purifying 
catalyst 17 or a combustion state of an internal 
combustion engine, so as to reduce the NOx exhaust 
quantity. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The air flow rate sensor which is prepared in an internal combustion engine's inlet pipe, 
and detects an inhalation air content, The temperature detection means and the pressure 
detection means of detecting the temperature and the pressure of inhalation air to said internal 
combustion engine, An air-fuel ratio detection means for it to be prepared in said internal 
combustion engine's exhaust pipe, and to detect the air-fuel ratio in exhaust gas, An EGR rate 
detection means to detect the EGR rate of the exhaust gas which flowed back to inhalation of 
air, From the theoretical formula and empirical formula based on the NOx purification catalyst 
prepared in said internal combustion engine's exhaust pipe, and the temperature and the 
pressure, said atr- fuel ratio and EGR rate of said inhalation air content and said inhalation air 
The internal combustion engine control unit equipped with the NOx operation means which 
carries out the presumed operation of the NOx discharge in said exhaust gas, and the control 
means which controls either [ at least ] said NOx purification catalyst or said internal 
combustion engine's combustion condition to reduce said NOx discharge. 

[Claim 2] Said theoretical formula and said empirical formula are an internal combustion engine 
control unit according to claim 1 characterized by including the correction factor which changes 
depending on either [ at least ] said internal combustion engine's configuration, or combustion 
mode. 

[Claim 3] Said combustion mode is an internal combustion engine control unit according to claim 
2 characterized by including stratification combustion mode and homogeneity combustion mode. 
[Claim 4] Said NOx operation means is an internal combustion engine control unit given in either 
from claim 1 characterized by carrying out the presumed operation of the NOx discharge in said 
exhaust gas based on said oxygen density, said nitrogen concentration, and said temperature of 
combustion while carrying out the presumed operation of the oxygen density, the nitrogen 
concentration, and the temperature of combustion of combustion gas in said internal combustion 
engine from said theoretical formula and said empirical formula to claim 3. 

[Claim 5] Said control means is an internal combustion engine control unit given in either from 
claim 1 characterized by controlling said NOx purification catalyst to claim 4 by controlling said 
air-fuel ratio. 

[Claim 6] Said control means is an internal combustion engine control unit given in either from 
claim 1 characterized by controlling at least one of said internal combustion engine's fuel oil 
consumption, fuel injection timing, ignition timing, and said the EGR rates as said internal 
combustion engine's combustion condition to claim 5. 

[Claim 7] Said air-fuel ratio detection means is an internal combustion engine control unit given 
in either from claim 1 characterized by including the air-fuel ratio sensor which is formed in the 
exhaust pipe of the upstream rather than said NOx purification catalyst, and outputs the oxygen 
density detecting signal according to the oxygen density in said exhaust gas, and the air-fuel 
ratio operation means which carries out the presumed operation of said air-fuel ratio based on 
said oxygen density detecting signal to claim 6. 

[Claim 8] Said air-fuel ratio detection means is an internal combustion engine control unit given 
in either from claim 1 characterized by including the air-fuel ratio operation means which carries 
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out the presumed operation of said air-fuel ratio from said internal combustion engine's fuel oil 
consumption and said inhalation air content to claim 6. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a short time and the internal combustion engine 
control unit which could carry out the presumed operation of the NOx discharge with high 
precision, and realized improvement in a controllability about the internal combustion engine 
control unit using the NOx purification catalyst which carries out reduction processing of NOx in 
an exhaust gas (nitrogen oxides), without causing the cost rise especially accompanying 
expansion of memory space. 
[0002] 

[Description of the Prior Art] An amount presumption means of NOx to presume the amount of 
NOx absorbed by the NOx adsorbent is used so that this conventional kind of internal 
combustion engine control unit may be referred to at the patent official report No. 2586739. 
[0003] Drawin g 3 is the block block diagram showing equipment conventionally [ above- 
mentioned ], and shows the case where it applies to a gasoline engine. In addition, although it is 
shown only in relation to one gas column in order to avoid complicatedness, it shall have the 
same configuration for two or more gas columns of every here. 

[0004] In drawing 3 , the engine 1 which constitutes an internal combustion engine's body has a 
piston 2, a combustion chamber 3, an ignition plug 4, the inlet valve 5, the suction port 6, the 
exhaust valve 7, and the exhaust air port 8. 

[0005] The suction port 6 is connected with the surge tank 10 through the corresponding inlet 
pipe 9, and the fuel injection valve 1 1 which injects a fuel towards the inside of a suction port 6 
is attached in the inlet pipe 9. 

[0006] A surge tank 10 is connected with an air cleaner 13 through an air intake duct 12, and the 

throttle valve 14 is arranged in the air intake duct 12. Moreover, in the air intake duct 12, the air 

flow rate sensor (not shown) which detects an inhalation air content is prepared. 

[0007] On the other hand, the exhaust air port 8 is connected to the casing 18 in which the NOx 

absorbent 17 was built through the discharge manifold 15 and the exhaust pipe 16. The NOx 

absorbent 17 absorbs NOx in exhaust gas, and functions as an NOx purification catalyst. 

[0008] The electronic control unit (ECU) 30 consisted of a digital computer, and is equipped with 

ROM32, RAM33, CPU34, the input port 35 and the output port 36 which were mutually 

connected by the bidirectional bus 31, A/D converters 37 and 38 inserted in the input side of 

input port 35, and the drive circuit 39 inserted in the output side of an output port 36. 

[0009] In the surge tank 10, the pressure sensor 19 which generates the output voltage 

proportional to the absolute pressure in a surge tank 10 is attached, and the output voltage of a 

pressure sensor 19 is inputted into input port 35 through A-D converter 37. 

[0010] Moreover, the air-fuel ratio sensor 25 is attached in the exhaust pipe 16, and the output 

voltage of the air-fuel ratio sensor 25 is inputted into it through A-D converter 38 in input port 

35. 

[001 1] Furthermore, between the exhaust pipe 16 and the inlet pipe 9, EGR tubing (not shown) of 
the common knowledge for making a part of exhaust gas return to an inlet pipe 9 is formed, and 
the EGR valve for adjusting the amount of EGR(s) is prepared in EGR tubing. 
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[0012] On the other hand, the idle switch 20 which detects that a throttle valve 14 is idling 
opening is attached in the throttle valve 14, and the output signal of an idle switch 20 is inputted 
into input port 35. Similarly, the output signal (engine speed Ne) of the engine-speed sensor 26 
is inputted into input port 35. 

[0013] Hereafter, the outline actuation by equipment is explained conventionally which was 
shown in drawing 3 , referring to the explanatory view of drawing 4 and drawing 5 . In addition, 
conventionally, about the detailed control action of equipment, since it is well-known, it omits 
here, as indicated by the above-mentioned patent official report. 

[0014] CPU34 in ECU30 constitutes the amount presumption means of NOx in relation to 
ROM32 and RAM33, and calculates the amount of NOx absorbed by the NOx absorbent 17 by 
the presumed operation. 

[0015] That is, since it is difficult to carry out direct detection of the amount of NOx absorbed 
by the NOx absorbent 1 7, the amount of NOx in the exhaust gas discharged from the engine 1 is 
calculated, and the amount of NOx absorbed in the NOx absorbent 17 from the amount of NOx 
in exhaust gas is presumed. 

[001 6] Generally, since the amount of exhaust gas discharged by per unit time amount from an 
engine 1 increases, the amount of NOx discharged by per unit time amount from an engine 1 also 
increases as an engine speed Ne becomes high, so that an engine speed Ne becomes high. 
[001 7] Moreover, since the amount of exhaust gas by which it is discharged from a combustion 
chamber 3 that an engine load becomes higher (that is, the absolute pressure PM in a surge tank 
10 becomes high) increases and combustion temperature becomes high, the amount of NOx in 
which it is discharged by per unit time amount from an engine 1 that an engine load becomes 
larger (the absolute pressure PM in a surge tank 10 becomes high) increases. 
[0018] Drawing 4 is the explanatory view showing the size of the amount of NOx discharged by 
per unit time amount from an engine 1 , relates with the absolute pressure PM (axis of ordinate) 
and the engine speed Ne (axis of abscissa) in a surge tank 10 the value calculated by 
experiment, and shows it. 

[0019] In drawing 4 , each continuous curve shows the same amount of NOx. Like drawing 4 , the 
amount of NOx discharged by per unit time amount from an engine 1 increases, so that the 
absolute pressure PM in a surge tank 10 becomes high, and it increases, so that an engine speed 
Ne becomes high. 

[0020] In addition, the amount of NOx shown in drawing 4 is beforehand memorized in ROM32 in 
the form of the map data N1 1-Nij as shown in drawing 5 . 

[0021] Moreover, since map data like drawing 5 change with other various operational status, 
when they tend to calculate the exact amount of NOx from a map operation, they will need great 
memory space and will cause a cost rise. 
[0022] 

[Problem(s) to be Solved by the Invention] As mentioned above, since the conventional internal 
combustion engine control device had memorized the map data applied with the amount 
presumption means of NOx in ECU30 as map data N1 1-Nij like drawing 5 , it needed to create 
for every operational status of an engine 1, and needed to be made to memorize in ROM32, 
much time and effort and time amount were needed, and it had the trouble of causing a cost rise. 

[0023] This invention was made in order to solve the above troubles, it makes unnecessary the 
map data of the huge amount made to memorize in ROM, and it aims at obtaining a short time 
and the internal combustion engine control unit which carried out the presumed operation of the 
NOx discharge with high precision, and raised the controllability, without causing a cost rise. 
[0024] 

[Means for Solving the Problem] The internal combustion engine control unit concerning claim 1 
of this invention The air flow rate sensor which is prepared in an internal combustion engine's 
inlet pipe, and detects an inhalation air content, The temperature detection means and the 
pressure detection means of detecting the temperature and the pressure of inhalation air to an 
internal combustion engine, An air-fuel ratio detection means for it to be prepared in an internal 
combustion engine's exhaust pipe, and to detect the air-fuel ratio in exhaust gas, An EGR rate 
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detection means to detect the EGR rate of the exhaust gas which flowed back to inhalation of 
air, The NOx operation means which carries out the presumed operation of the NOx discharge in 
exhaust gas from the theoretical formula based on the NOx purification catalyst prepared in an 
internal combustion engine's exhaust pipe, and the temperature and the pressure, air-fuel ratio 
and EGR rate of an inhalation air content and inhalation air, and an empirical formula, It has the 
control means which controls either [ at least ] an NOx purification catalyst or an internal 
combustion engine's combustion condition so that an NOx discharge may be reduced. 
[0025] Moreover, as for the internal combustion engine control unit concerning claim 2 of this 
invention, in claim 1, a theoretical formula and an empirical formula contain the correction factor 
which changes depending on either [ at least ] an internal combustion engine's configuration or 
combustion mode. 

[0026] Moreover, in the internal combustion engine control unit concerning claim 3 of this 
invention, in claim 2, combustion mode contains stratification combustion mode and homogeneity 
combustion mode. 

[0027] Moreover, in either from claim 1 to claim 3, the internal combustion engine control unit 
concerning claim 4 of this invention carries out the presumed operation of the NOx discharge in 
exhaust gas based on an oxygen density, nitrogen concentration, and the temperature of 
combustion while an NOx operation means carries out the presumed operation of the oxygen 
density, the nitrogen concentration, and the temperature of combustion of combustion gas in an 
internal combustion engine from a theoretical formula and an empirical formula. 
[0028] Moreover, in either from claim 1 to claim 4, the internal combustion engine control unit 
concerning claim 5 of this invention controls an NOx purification catalyst, when a control means 
controls an air-fuel ratio. 

[0029] Moreover, in the internal combustion engine control unit concerning claim 6 of this 
invention, in either from claim 1 to claim 5, a control means controls at least one of an internal 
combustion engine's fuel oil consumption, fuel injection timing, ignition timing, and the EGR rates 
as an internal combustion engine's combustion condition. 

[0030] Moreover, the internal combustion engine control unit concerning claim 7 of this invention 
includes the air-fuel ratio sensor which an air-fuel ratio detection means is established in the 
exhaust pipe of the upstream rather than an NOx purification catalyst, and outputs the oxygen 
density detecting signal according to the oxygen density in exhaust gas, and the air-fuel ratio 
operation means which carries out the presumed operation of the air-fuel ratio based on an 
oxygen density detecting signal in either from claim 1 to claim 6. 

[0031] Moreover, the internal combustion engine control unit concerning claim 8 of this invention 
includes an air-fuel ratio operation means by which an ail — fuel ratio detection means carries out 
the presumed operation of the air-fuel ratio from an internal combustion engine's fuel oil 
consumption and inhalation air content, in either from claim 1 to claim 6. 
[0032] 

[Embodiment of the Invention] The gestalt 1 of implementation of this invention is explained to a 
detail below gestalt 1 . of operation, referring to a drawing. 

[0033] Drawing 1 is the block block diagram showing the gestalt 1 of implementation of this 
invention, about the same thing as the above-mentioned (refer to drawing 3 ), it attaches the 
same sign, or attaches "A" after a sign, and omits a detailed explanation. 
[0034] In addition, A/D converters 37 and 38 and the drive circuit 39 (refer to drawing 3 ) in 
ECU30A are not illustrated here for simplification. 

[0035] In drawing 1 , the intake temperature sensor 21 which detects the temperature To of 
inhalation air is formed in the upstream of the air cleaner 13 in an inlet pipe 9. Moreover, the air 
flow rate sensor (intake air flow sensor) 22 which detects the flow rate Qa of inhalation air is 
formed in the downstream of the air cleaner 13 in an inlet pipe 9. 

[0036] A pressure sensor 19 detects the pressure Pb in an inlet pipe 9 as a pressure of 
inhalation air, and functions as an intake-pressure sensor substantially. The inhalation air 
pressure Pb, the inhalation air temperature To, and the inhalation air content Qa are inputted 
into the input port 35 in ECU30A as various sensor information which shows the operational 
status of an engine 1 with the air-fuel ratio lambda from the air-fuel ratio sensor 25. 
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[0037] Moreover, the EGR sensor which detects an EGR rate is formed as various sensor means 
from the opening beta of the EGR valve for the amount adjustment of EGR(s) with EGR tubing 
(not shown), and the EGR rate which shows the amount of exhaust gas which flowed back to 
inhalation of air is inputted into input port 35. 

[0038] Furthermore, as a service condition, an engine speed Ne and not only the accelerator 
opening alpha but the inhalation air content Qa from an intake air flow sensor etc. is inputted 
into input port 35. 

[0039] CPU34A in ECU30A includes the NOx operation means which carries out the presumed 
operation of the NOx discharge in exhaust gas from the theoretical formula based on the 
inhalation air content Qa, the inhalation air temperature To and the inhalation air pressure Pb, 
and an air-fuel ratio lambda and an EGR rate (EGR opening beta), and an empirical formula (it 
mentions later). 

[0040] Moreover, CPU34A includes the control means which controls either [ at least ] the NOx 
purification catalyst 17 or the combustion condition of an engine 1 so that an NOx discharge 
may be reduced. 

[0041] Here, the theoretical formula and the empirical formula are beforehand stored in ROM32A, 
and contain the correction factor which changes depending on either [ at least ] the 
configuration of an engine 1 , or combustion mode. 

[0042] As combustion mode, the stratification combustion mode in the case of the injection 
engine in a cylinder, the homogeneity combustion mode at the time of the usual SUTOIKI 
operation control, etc. are raised, for example. 

[0043] Moreover, the NOx operation means in CPU34A carries out the presumed operation of 
the NOx discharge in exhaust gas based on an oxygen density, nitrogen concentration, and the 
temperature of combustion while carrying out the presumed operation of the oxygen density, the 
nitrogen concentration, and the temperature of combustion of combustion gas in an engine 1 
from a theoretical formula and an empirical formula. 

[0044] The control means in CPU34A controls the NOx purification catalyst 1 7 by controlling for 
example, the air-fuel ratio lambda. 

[0045] Moreover, the control means in CPU34A controls at least one of the fuel oil consumption 
of an engine 1, fuel injection timing, ignition timing, and the EGR rates as a combustion condition 
of an engine 1. 

[0046] The air-fuel ratio detection means is constituted from the NOx purification catalyst 17 by 
the air-fuel ratio sensor 25 which is formed in the exhaust pipe 16 of the upstream and outputs 
the oxygen density detecting signal according to the oxygen density in exhaust gas, and the air- 
fuel ratio operation means in CPU34A which carries out the presumed operation of aii — fuel ratio 
A/F based on an oxygen density detecting signal, as illustrated. 

[0047] Moreover, an air-fuel ratio detection means may be constituted from the fuel oil 
consumption and the inhalation air content Qa of an engine 1 by the air-fuel ratio operation 
means in CPU34A which carries out the presumed operation of air-fuel ratio A/F. 
[0048] Next, presumed operation actuation of the NOx discharge by the gestalt 1 of 
implementation of this invention shown in drawing 1 is explained. 

[0049] First, NOx (nitrogen oxides) generated with an engine 1 has main TSUERUDOBITCHI 
(Zeldvich) NO (nitrogen monoxide), and the reaction mechanism is expressed with the following 
formulas (1) and (2). 
[0050] 
[Equation 1] 

N2 + O NO + N (1) 
N + 02 NO + O (2) 

[0051] Moreover, the generation rate of NO based on a formula (1) and (2) is expressed with the 
following formulas (3) and (4). 
[0052] 
[Equation 2] 
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— = L =*[N2][02] l/2 (kmol/m 3 s) (3) 

f 69460 1 

*=4.52 X 10 15 T 1/2 €x/7 - — - — (4) 

[0053] In a formula (3), [NO], [N2], and [02] show the concentration of NO, N2 (nitrogen), and 
02 (oxygen), and T shows temperature in a formula (4), respectively. 

[0054] Here, the combustion reaction mechanism in an engine 1 is expressed with the following 
formulas (5). 
[0055] 
[Equation 3] 

CSK1S + — (12.502 + 47N2) + £{8002 + 9H20 + 12.S< A - 1 )0 2 + 4?A N2} 
->(1 + /5){8C02 + 9H20 +12.S( A - i )0 2 + 47 A N2} ($) 

[0056] In a formula (5), beta is an EGR rate and lambda is an air-fuel ratio. Moreover, each 
concentration [N2] of N2 and 02 and [02] (kmol/m3) are expressed with the following formulas 
(6) and (7). 
[0057] 
[Equation 4] 

47< A/15)(l+/3 ) £ P X 273/T, _ 47( A/15) gPX 273/To (6) 
[N23= 22.4(l+/?)(4^+59.5(A/15)) 22.4(4.5+59.5( A/15)) 

12.S ( ( A/15)-l ) ( 1+ 0 ) € P X 273/To _ 0.S58 X ( ( A A5)-l ) g P X 273/To {J) 
[OZ1= 22.4(1+/? )(4^+59^(AA5)) (4.5+59,5( A/15)) 

[0058] In a formula (6) and (7), in epsilon, a compression ratio and P (atm) express a MAP and 
To (K) expresses an intake-air temperature. Moreover, nitrogen concentration [N2] is expressed 
with the following formulas (8) in approximation. 
[0059] 

[Equation 5] 

47£PX273/Oo 8.95 eP 

[N2]= = (8) 

1 J 22.4X64 To 

[0060] The concentration [NO] of NO emitted to per each above-mentioned formula (3), (4), (7), 

and (8) to 1 stroke (at the time of combustion) is expressed with the following formulas (9) and 

(10). 

[0061] 

[Equation 6] 

6 0 M ^ ( 69460 1 8.95 £P 

[NO]= X 4.52 X 10 13 X T^expl - X — 

«b [ T J To 



r0J>58X((AA5)-l) € PX273/ro^ 
X L 4^ + 59.5(A/15) J K) 



3.0 X1G 1 ? „ f 69460 ) [ <A/15)-1 



? f 69460 ) T 



* B I T J L 4.5+59.5(^/15) 



1/2 

e V2 P 3/* Iv a/* (io) 



[0062] In a formula (9) and (10), nE (rpm) shows an engine speed Ne. Here, when fuel oil 
consumption per one stroke is set to Gf (kg), the NO burst size Gno per one stroke in a four 
stroke cycle engine (kg) is expressed with the following formulas (11) and (12). 
[0063] 
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[Equation 7] 

3.0X10" ^ f 69460 [ J (AflS)-l 
2n B I X.J _4.5+59.5(A/15) J 

X e^XP^XTo-^XSOxl^- x|4.5+59.5^-jx22.4j (A_) (11) 

=ll?i^T-^f-^)x { ((A/15)-l)(4^59^(A./15))}- 
XG/X£ w XP 3A XTo^ (12) 



[0064] Moreover, the NO total amount GnoT (kg) discharged per unit time amount is expressed 
with the following formulas (13) and (14). 
[0065] 
[Equation 8] 

G«,t=CG«— ( 13 ) 
60 

( c a nnn > 1 



= 14.7 X10^XT^[-^^ j X{( A/15-l)(«+59.5(^/15))}i 
XG/X£^XP w XTo w XC (**/s) (14) 



[0066] In a formula (13) and (14), C is a correction factor. Moreover, as temperature T, the 

highest adiabatic flame temperature in case there is no heat loss typically is used, and flame 

temperature T is expressed with following formula (15) - (17) using the average specific heat at 

constant pressure Cp, an intake-air temperature To, and polytropic-index kappa. 

[0067] 

[Equation 9] 

AH ) 
— -+t 0 x e Kt 

c p G J 



(15) 

10670 X 0.114 1 

^(1+/3){8 X 0.044+9 X 0.018 + 12.5(A/15-1)X0.032+47X0.028(A/15) +T °J X £ *"* (16) 



1216 

+T 0 



c p(1+/3)(0.114+0.916( A/IS)) 
^¥^/£iEI£f&(*ca//*_^) 
To:IKMMjg(K) 



x e* 1 



(17) 



[0068] Here, the average specific heat at constant pressure Cp is approximated by the following 

formulas (18). 

[0069] 

[Equation 10] 
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Cp=0.518-O.219( A/15)+0.0521( A./15) 2 (18) 

[0070] Therefore, flame temperature T is expressed with the following formulas (1 9) and (20). 
[0071] 

[Equation 1 1] 



[0072] If a formula (20) is substituted for the above-mentioned formula (14), the following 

formulas (21) will be obtained. 

[0073] 

[Equation 12] 

G___=6.88 X 10 17 X ([1216(1- /3){3.305-0.5346{A/lS)}+To] X £ * 1 ) 1/2 



{ [1216(l- i 5){3305-0.5346(A/15)}+To]X £ * J J 
X{(>l/15-l)(4.5+59.5(A/15))} jy2 XG/X £ 3/2 XP 3/2 XTo" 3/2 XC (kg/s) (21) 



[0074] If a formula (21) is further expressed with an approximate expression, it will become like 

following formula (22) - (24). 

[0075] 

[Equation 13] 



G„T^A)«(/3)M£)i(T0)XP M XG/XC - W 

= 14.7X10 17 

X (-1.839 X 10 7 +4.2374 X 10- 8 A -3.9847 X 10-' A 2 

+1.9701 X 10-" ^'-5.415 X 10" A 4 +7.8S35 X 10 14 AM.698 X 10 16 X s ) 
X (1-14.27/3 +69.16£ 2 -110.97/3 3 ) 
X (1 .693-0.004644To+7.776 X lO^To 2 ) 

X (-6.26+1.98 £)XP 3/2 XG/XC C 23 ) 
G«,t=A X)g(0)K £ )«'(T0) X P 3 * X G, X C 

=(-1 .839 X 10- 7 +4.2374 X 10" X. -3.9847 X 10* X 2 

+1.9701 X10-" A. 3 -5.415 X 10 12 A 4 +7.8535 X lO" 14 A 5 -4.698 X 10 16 X s ) 
X (1-14.27 y9+69.16/3 2 -110.97y9 3) 
X (1.693-0.004644To+7.776 X lO^To 2 ) 

X(-6.26+1.98c)XP 3/2 XG/XCo < 24 > 

[0076] Formula (22) In - (24), C and CO are correction factors, and they change depending on 
the configuration of an engine 1 , combustion mode (stratification combustion, homogeneity 
combustion), etc. 
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[0077] In this way, by calculating the amount of NOx discharged by per unit time amount based 
on a formula (21), (23), or (24), and integrating this from the detected air-fuel ratio lambda, EGR 
ratebeta, the inhalation air pressure Pb, and the inhalation air temperature To, as shown in the 
following formulas (25) and (26), the presumed operation of the total NOx discharge QNT is 
carried out. 
[0078] 

[Equation 14] 



[0079] Next, the NOx procedure by the gestalt 1 of implementation of this invention is explained, 
referring to the flow chart of drawing 2 . In drawing 2 , the operational status (the accelerator 
opening alpha, EGR ratebeta, an air-fuel ratio lambda, engine-speed Ne, the pressure-of- 
induction-pipe force Pb, the inhalation air content Qa, intake-air temperature To, etc.) of an 
engine 1 is first detected from various sensor means (step S1). 

[0080] Then, according to operational status, the target torque Tqo is set up (step S2), target 
air-fuel ratio lambdao is set up (step S3), and target EGR opening betao is set up (step S4). 
[0081] Next, like above-mentioned formula (6) - (10), while carrying out the presumed operation 
of the NOx (NO) concentration [NO] of the combustion gas in an engine 1, an oxygen density 
[02], and the nitrogen concentration [N2], as shown in the above-mentioned formula (19) and 
(20), a presumed operation is carried out, using the highest adiabatic flame temperature T in 
case there is no heat loss as the temperature of combustion (step S5). 

[0082] Hereafter, based on oxygen density [02], nitrogen concentration [N2], and temperature- 
of-combustion T, like above-mentioned formula (22) - (26), an air-fuel ratio lambda is controlled 
and the NOx purification catalyst 17 is controlled to carry out the presumed operation of the 
NOx discharge QNT in exhaust gas (step S6), and to be able to purify the NOx discharge QNT 
(step S7). 

[0083] Thus, the NOx discharge QNT can be calculated to a short time and high degree of 
accuracy, without increasing memory space by using the theoretical formula and empirical 
formula based on the air-fuel ratio lambda, EGR ratebeta, the inhalation air pressure Pb, and the 
inhalation air temperature To from various sensor means. 

[0084] That is, there is no need of create a huge quantity of the map data set by various 
operation modes, and control according to the engine 1 of each [ short time ] with it easy [ to 
only adjust using some kinds of correction factors (for example, to refer to C in a formula (23)) 
corresponding to change of the configuration of combustion mode (stratification combustion, 
homogeneity combustion) and an engine 1 etc. ] and can be perform. 

[0085] Therefore, according to the highly precise NOx discharge QNT by which the presumed 
operation was carried out, the NOx purification catalyst 17 can be controlled effectively in a 
short time, and the NOx discharge QNT can be mitigated. 

[0086] In addition, although the case where the NOx purification catalyst 1 7 was controlled was 
shown according to the NOx discharge QNT, the combustion condition control input of an engine 
1 may be controlled here to mitigate the NOx discharge QNT. 

[0087] In this case, as a combustion condition control input controlled by ECU30A, the fuel oil 
consumption shown in drawing 1 , fuel injection timing, ignition timing, an EGR rate, etc. are 
gathered, for example. 

[0088] Moreover, although the air-fuel ratio sensor 25 formed in the exhaust pipe 15 of the 
upstream of the NOx purification catalyst 17 was used as an air-fuel ratio detection means, you 
may calculate using the inhalation air content Qa from an air flow rate sensor 22 prepared in the 
inlet pipe 9, and the fuel-injection controlled variable by ECU30A. 

[0089] In this case, the presumed operation of the air-fuel ratio lambda will be carried out into 
ECU30A from the air-flow-rate detection value Qa and fuel oil consumption (controlled variable 
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of ECU30A). 

[0090] Furthermore, although the NOx absorbent 17 was used as an NOx purification catalyst, 

other NOx purification catalysts may be used. 

[0091] 

[Effect of the Invention] As mentioned above, the air flow rate sensor which according to claim 1 
of this invention is prepared in an internal combustion engine's inlet pipe, and detects an 
inhalation air content, The temperature detection means and the pressure detection means of 
detecting the temperature and the pressure of inhalation air to an internal combustion engine, An 
air-fuel ratio detection means for it to be prepared in an internal combustion engine's exhaust 
pipe, and to detect the air-fuel ratio in exhaust gas, An EGR rate detection means to detect the 
EGR rate of the exhaust gas which flowed back to inhalation of air, The NOx operation means 
which carries out the presumed operation of the NOx discharge in exhaust gas from the 
theoretical formula based on the NOx purification catalyst prepared in an internal combustion 
engine's exhaust pipe, and the temperature and the pressure, air-fuel ratio and EGR rate of an 
inhalation air content and inhalation air, and an empirical formula, Since the map data of the huge 
amount which is equipped with the control means which controls either [ at least ] an NOx 
purification catalyst or an internal combustion engine's combustion condition, and is made to 
memorize in ROM were made unnecessary so that an NOx discharge might be reduced It is 
effective in a short time and the internal combustion engine control unit which could carry out 
the presumed operation of the NOx discharge with high precision, and raised the controllability 
being obtained, without causing a cost rise. 

[0092] Moreover, in claim 1, since the correction factor which changes depending on either [ at 
least ] an internal combustion engine's configuration or combustion mode is included, a 
theoretical formula and an empirical formula are effective in a short time and the internal 
combustion engine control unit which could carry out the presumed operation of the NOx 
discharge with high precision, and raised the controllability being obtained according to claim 2 of 
this invention, without causing a cost rise. 

[0093] Moreover, in claim 2, since stratification combustion mode and homogeneity combustion 
mode are included, combustion mode is effective in a short time and the internal combustion 
engine control unit which could carry out the presumed operation of the NOx discharge with high 
precision, and raised the controllability being obtained according to claim 3 of this invention, 
without causing a cost rise. 

[0094] According to claim 4 of this invention, it sets to either from claim 1 to claim 3. Moreover, 
an NOx operation means While carrying out the presumed operation of the oxygen density, the 
nitrogen concentration, and the temperature of combustion of combustion gas in an internal 
combustion engine from a theoretical formula and an empirical formula Since it was made to 
carry out the presumed operation of the NOx discharge in exhaust gas based on an oxygen 
density, nitrogen concentration, and the temperature of combustion, it is effective in a short time 
and the internal combustion engine control unit which could carry out the presumed operation of 
the NOx discharge with high precision, and raised the controllability being obtained, without 
causing a cost rise. 

[0095] Moreover, since the NOx purification catalyst was controlled by controlling an air-fuel 
ratio in either from claim 1 to claim 4 according to claim 5 of this invention, it is effective in a 
short time and the internal combustion engine control unit which could carry out the presumed 
operation of the NOx discharge with high precision, and raised the controllability being obtained, 
without causing a cost rise. 

[0096] Moreover, in either from claim 1 to claim 5, as an internal combustion engine's 
combustion condition, since at least one of an internal combustion engine's fuel oil consumption, 
fuel injection timing, ignition timing, and the EGR rates was controlled, it is effective [ a control 
means ] in a short time and the internal combustion engine control unit which could carry out 
the presumed operation of the NOx discharge with high precision, and raised the controllability 
being obtained according to claim 6 of this invention, without causing a cost rise. 
[0097] According to claim 7 of this invention, it sets to either from claim 1 to claim 6. Moreover, 
an air-fuel ratio detection means Since the air-fuel ratio sensor which is formed in the exhaust 
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pipe of the upstream rather than an NOx purification catalyst, and outputs the oxygen density 
detecting signal according to the oxygen density in exhaust gas, and the air-fuel ratio operation 
means which carries out the presumed operation of the air-fuel ratio based on an oxygen density 
detecting signal are included It is effective in a short time and the internal combustion engine 
control unit which could carry out the presumed operation of the NOx discharge with high 
precision, and raised the controllability being obtained, without causing a cost rise. 
[0098] Moreover, in either from claim 1 to claim 6, since the air-fuel ratio operation means which 
carries out the presumed operation of the air-fuel ratio from an internal combustion engine's fuel 
oil consumption and inhalation air content is included, an air-fuel ratio detection means is 
effective in a short time and the internal combustion engine control unit which could carry out 
the presumed operation of the NOx discharge with high precision, and raised the controllability 
being obtained according to claim 8 of this invention, without causing a cost rise. 



[Translation done.] 
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